Abstract Ductal carcinoma in situ (DCIS) of the breast represents 15-20 % of new breast cancer diagnoses in the US annually. However, long-term competing risks of mortality, as well as racial differences in outcomes among US women with DCIS, are unknown. Case data from the years 1978-2010 were obtained using SEER*Stat software available through the National Cancer Institute from the 2010 SEER registries. Included were all women aged 40 and over with newly diagnosed DCIS. There were 67,514 women in the analysis, including 54,518 white women and 6,113 black women. A total of 12,173 deaths were observed over 607,287 person-years of follow-up. The 20-year cumulative incidence of all-cause death among women with DCIS was 39.6 % (CI 38.9-40.3). The corresponding 20-year rates for breast cancer death and CVD death were 3.2 % (CI 3.0-3.4) and 13.2 % (CI 12.8-13.7), respectively. Black women with DCIS had a higher risk of death compared to white women, with these hazard ratios elevated throughout the entire study period. For example, between 1990 and 2010, black women had a higher risk of all-cause death (HR 3.06, CI 2.39-3.91), breast cancer death (HR 5.78,, and CVD death (HR 6.43,) compared to white women diagnosed between 50 and 59 years of age. The risk of all-cause and CVD death was greater than breast cancer death among women diagnosed with DCIS over 20 years. Black women had higher risks of dying from all-causes compared to white women. These differences persisted into the modern treatment era.
Introduction
The incidence of ductal carcinoma in situ (DCIS) of the breast has been escalating since the 1970s [1] , with DCIS representing 15-20 % of all new breast cancer diagnoses [2] . While DCIS cases have been increasing, the percentage of patients dying from breast cancer after a DCIS diagnosis has remained low. The rate of breast cancer death among DCIS patients diagnosed between 1978 and 1989 based on the National Cancer Institute's surveillance, epidemiology, and end results (SEER) registry was 0.9 and 2.3 % at 5 and 10 years of follow-up [3] . More recent data have demonstrated a similar breast cancer mortality of 1 % over 12 years of follow-up among those treated with breast-conservation therapies [4] . While these results demonstrate favorable breast cancer outcomes for DCIS patients, there is increasing concern that women after a DCIS diagnosis are at competing risk for cardiovascular disease (CVD) mortality. Ernster et al. found that among women diagnosed with DCIS, 11 % of deaths were due to breast cancer, while 32 % were due to CVD, with the percentage of breast cancer deaths declining and the percentage of CVD deaths increasing with advancing age [3] . Similarly, Schonberg et al. determined that 7 and 27 % of deaths were due to breast cancer and CVD, respectively, among 67-79 year old women with a DCIS diagnosis [5] . However, no study to date has explored these relationships over a 20-year follow-up period and assessed CVD risk among DCIS patients in the modern treatment era (1990-present) .
The etiology of higher CVD risk among women with DCIS is not well understood nor is it known whether these competing risks are race-specific. Evidence suggests that racial differences in breast cancer and overall mortality exist among women with DCIS. Specifically, Shairer et al. found that among women with a DCIS diagnosis, blacks had a greater probability of dying from both breast cancer and combined other causes at up to 27 years of follow-up [6] . In addition, Nasser et al. showed that survival in women with DCIS was greater in whites compared to blacks [7] . To date, however, no study has determined whether CVD mortality outcomes differ among white and black DCIS patients. Importantly, a change in CVD risk factors (e.g., weight gain, smoking cessation) [8] has been demonstrated in women after a DCIS diagnosis that may impact competing causes of death. This is one potential contributor to the increased risk of CVD death in the DCIS population, especially among black women who have a higher risk factor burden compared to whites in the general population [9] [10] [11] [12] . Long-term follow-up of competing mortality outcomes, as well as racial differences specific to risk of CVD mortality, is needed to establish this possible link.
To this end, we utilized data reported to the populationbased registries of the SEER program from 1978 to 2010 to assess rates of all-cause, breast cancer, and CVD death among women with DCIS aged 40 years and older at 1, 5, 10, and 20 years post-diagnosis. We also compared causespecific mortality outcomes in black and white women with a DCIS diagnosis and examined changes in breast cancer and CVD death with advancing age of DCIS diagnosis. This is the first study to assess incidence of breast cancer and CVD death in both blacks and whites with a DCIS diagnosis as well as include cases diagnosed in the current treatment era .
Methods
Data case listings were obtained using SEER*Stat software publically available from the National Cancer Institute [13] . We obtained case data from the 2010 SEER incidence database [14] . Included were all white and black women aged 40 years and older with newly diagnosed DCIS from 1978 to 2010 reported to SEER for the nine original registry areas. The definition of DCIS corresponds to that used in the most recent SEER reports [15] . Excluded were cases with any prior breast cancer (invasive or noninvasive) or any diagnosis of invasive breast cancer within the 2 months following the initial DCIS diagnosis. Also excluded were cases diagnosed at autopsy or identified solely on the basis of a death certificate report.
A total of 68,015 cases of histologically confirmed DCIS diagnosed between 1978 and 2010 among women aged 40 years and older and with no prior history of breast cancer were abstracted from the nine original SEER registries. Nineteen cases were excluded because they were based only on autopsy or death certificate records, leaving 67,996 cases. There were 482 women excluded due to diagnosis of invasive breast cancer within 2 months following the DCIS diagnosis. After all exclusions, a total of 67,514 DCIS cases were available for analysis.
Cause of death information was obtained from the SEER registry. We defined CVD death as any of the following causes of death as coded in the SEER database [International Classification of Diseases, Tenth Revision (ICD-10) codes]: diseases of heart (I00-I09, I11, I13, I20-I51), cerebrovascular diseases (I60-I69), atherosclerosis (I70), and other diseases of arteries, arterioles, capillaries (I72-I78).
We used the Kaplan-Meier product-limit method to determine survival rates at 1, 5, 10, and 20 years post-DCIS diagnosis. Estimates for the cumulative incidence of breast cancer death and CVD death were obtained using methods for competing-risks analysis. We computed hazard ratios and 95 % confidence intervals based on the logrank test statistic and its variance.
Results
Of the 67,514 women included in the analysis, 54,518 were white, 6,117 were black, 6,487 were other races, and 401 were of unknown race. Distribution of DCIS cases by age at diagnosis and subsequent deaths due to breast cancer, CVD, and other causes are shown in Table 1 . A total of 12,173 deaths were observed over 607,287 person-years of follow-up. The median follow-up time was 9.2 years. The percentage of deaths attributed to breast cancer and CVD were 8 and 33 %, respectively. Among women aged 40-49 years at diagnosis, the percentage of deaths attributed to breast cancer (27 %) was greater than that of CVD (12 %); however, CVD was the more prominent cause of death for all other age groups (Fig. 1) .
The cumulative incidence of death at 1, 5, 10, and 20 years following DCIS diagnosis according to year of diagnosis is shown in Table 2 . The 20-year cumulative incidence of allcause death was 39.6 % (CI 38.9-40.3); this percentage was highest between 1978 and 1983 (47.9 %, CI 45.3-50.4) and lowest between 1990 and 2010 (38.8 %, CI 37.6-39.9). The corresponding overall 20-year cumulative incidence rates for breast cancer death and CVD death were 3.2 % (CI 3.0-3.4) and 13.2 % (CI 12.8-13.7), respectively. We next evaluated the cumulative incidence of death at each time point according to age of DCIS diagnosis ( Table 3 ). The 20-year cumulative incidence of all-cause death was 9.9 % (CI 9.0-10.8) among women diagnosed at age 40-49 and increased to 83.4 % (CI 82.1-84.6) among women diagnosed at age C70. The corresponding 20-year cumulative incidence rates among women 40-49 and C70 years of age were 2.6 % (CI 2.2-3.0) and 4.2 % (CI 3.7-4.7) for breast cancer death and 1.4 % (CI 1.0-1.8) and 13.2 % (CI 12.8-13.7) for CVD death, respectively.
We next determined whether the risk of all-cause death, breast cancer death, and CVD death differed between black and white women with DCIS. Combining all years of diagnosis, black women had a higher risk of all-cause mortality compared to white women; this disparity tended to decrease with increased age at diagnosis ( Fig. 2 ; Supplemental Table 1a ). Specifically, the hazard ratio comparing black women to white women aged 40-49 years at diagnosis was 2.71 (CI 2.06-3.57), while among those aged C70 years at diagnosis the corresponding hazard ratio was 1.14 (CI 1.05-1.25). In the most recent diagnosis period (1990-2010), the hazard ratios of allcause mortality comparing black women to white women were 2.74 (CI 1.96-3.82), 3.06 (CI 2.39-3.91), 1.81 (CI 1.54-2.14), and 1.22 (CI 1.10-1.35) for age-at-diagnosis groups of 40-49, 50-59, 60-69, and C70 years, respectively. Supplemental Table 1a demonstrates that the racial disparity persisted, and in some cases increased, over time.
Hazard ratios for breast cancer death comparing black women and white women in the DCIS cohort are shown in Fig. 2 and Supplemental Table 1b. The small numbers of breast cancer deaths among black women diagnosed prior to 1990 limited our ability to compare trends over time. However, in the most recent diagnosis period (1990-2010), the risk of breast cancer death among black women with a DCIS diagnosis was higher than that of white women, with the hazard ratios tending to decrease with increasing age at diagnosis. Among women diagnosed in 1990-2010, the hazard ratios (comparing black vs. white women) were 5.11 (CI 2.83-9.23), 5.78 (CI 3.16-10.57), 2.24 (CI 1.29-3.89), and 1.56 (CI 1.03-2.36) for women of ages 40-49, 50-59, 60-69, and C70 years, respectively.
For CVD death, there was also evidence of increased risk for black women with DCIS as compared to white women ( Fig. 2; Supplemental Table 1c ). In the most recent diagnosis period (1990-2010), the hazard ratios of CVD death in black women compared to white women with DCIS at ages 40-49, 50-59, 60-69, and C70 years were 14.99 (CI 5.39-41.67), 6.43 (CI 3.61-11.46), 2.26 (CI 1.63-3.14), and 1.17 (CI 0.99-1.38), respectively.
Discussion
In the current study, we found that women with DCIS were more likely to die of all-causes or CVD than breast cancer, with the proportion of women dying from CVD highest among women diagnosed at older ages. Black women with DCIS had a higher risk of dying from all-causes, breast cancer, and CVD compared to white women, with this risk persisting into the current treatment era (1990-2010). As women aged, this racial disparity decreased. Among women with DCIS, there was a greater incidence of CVD death than breast cancer death, and this was most pronounced in women diagnosed with DCIS at age 70 years or greater. Specifically, 40 % of deaths in this group were due to CVD, and 5 % were due to breast cancer. This is consistent with U.S. mortality data, which shows an increasing prevalence of CVD death as women age [16] , with the current study expanding these trends to women with DCIS. The higher incidence of CVD mortality may be due to a greater burden of behavioral risk factors [9, 17, 18] and comorbidities complicating or limiting treatment in women with DCIS, especially among older women [19, 20] . Importantly, as women with DCIS are aggressively screened and treated with surgery and adjuvant therapy [21] , the risk of disease progression and thus breast cancer mortality is minimized. However, certain treatments associated with DCIS have the potential to cause cardiotoxicity, thus increasing the risk of CVD death. Specifically, 64 % of DCIS patients undergo surgical treatment and among those 52 % received radiation therapy after surgery, [22] with radiation therapy known to be associated with several cardiotoxic effects [23] [24] [25] . Interestingly, our results show higher CVD mortality among women diagnosed with DCIS between 1978 and 1983, when radiation doses were higher and cardiac sparing techniques were less frequent [26, 27] . In addition to the increased risk of CVD posed by the cardiotoxic effects of DCIS treatment, women after a DCIS diagnosis are likely to gain weight [8] , thus adding a behavioral component to their increased risk of CVD mortality [28] . Taken together, these factors suggest that, while it is important to manage the possibility of DCIS progressing to more advanced breast cancer, focus must also be placed on optimizing CVD risk factor modification, especially as women with DCIS get older and further from diagnosis. Racial differences in mortality outcomes among DCIS patients were found in all age groups with black women having a higher risk of CVD death than white women even at 20 years of follow-up. Importantly, these disparities showed no sign of decreasing over time with the greatest excess risk for black women in the most recent diagnosis period of 1990-2010. Possible explanations for the higher CVD mortality risk among blacks include disparities in screening, health care quality and access, and risk factor burden. Regular screening and health visits are key in early diagnosis of risk factors that could lead to CVD progression [29] with white women more likely than blacks to have a continuous, usual source of care [30] and to obtain earlier diagnoses for CVD [31] . Moreover, racial disparities persist after a CVD diagnosis with whites more likely than blacks to be treated with invasive procedures even after adjusting for disease severity [32] . In addition to differences in disease treatment, blacks are also less likely to be educated and treated for risk factors such as hypertension, hypercholesterolemia, and diabetes [33] . Behavioral risk factor burden is another potential contributor to racial disparities in CVD mortality with several studies showing that blacks have a greater prevalence of behavioral risk factors including physical inactivity, smoking, and obesity [10] [11] [12] . Finally, socioeconomic status, by impacting access to care and as well as access to recreational facility sites and healthy food options [34, 35] , may exacerbate the risk factor burden in blacks, and thus further contribute to racial disparities in CVD mortality.
While racial differences in mortality among women with DCIS were found across all age categories, these disparities decreased with increasing age category. This is consistent with previous data from Mensah et al. that demonstrated reduced racial disparities in CVD death among older women [36] . Notably, age itself is a risk factor for both CVD [37] and breast cancer mortality [38] . Other factors, including treatment disparities and risk factor prevalence also act to elevate the risk of CVD mortality in older patients. Notably, treatment disparities among older (C80 years) patients with coronary artery disease or congestive heart failure have been found, with treatments under prescribed in this population due to age alone [39] . Additionally, CVD and cancer risk factor burden increase with increasing age [9] , as time spent in physical activity declines [17] , weight gain occurs [18] , and comorbidities develop [40] . Taken together, in older age, racial disparities in mortality may be diminished by these collective agerelated factors exerting a greater influence on mortality risk.
Factors responsible for racial disparities in CVD death among DCIS patients may similarly contribute to the increased risk of breast cancer mortality among black women. There has been a marked increase in detected cases of DCIS since the early 1980s due to the increased use of screening mammography [41] . Despite the overall increase in breast cancer screening, black women are more likely than white women to receive inadequate mammographic screening, including underuse and reduced frequency [42] . This could lead to delayed diagnosis or undetected disease progression, and thus higher risks of breast cancer mortality among blacks. Equalizing mammographic screening use and frequency is particularly important given recent findings that breast cancer tumors in blacks grow faster and have a higher likelihood of metastasizing earlier than breast tumors in whites [43] . Similar to CVD treatment, racial differences in breast cancer treatment exist as well with a recent analysis utilizing the SEER registries finding that black women were less likely to receive radiation therapy after surgery than white women, despite the positive outcome associated with this treatment course [44] . Taken together, these factors as well as other potential unknown contributors may explain the racial disparities demonstrated in this study.
There are several limitations of this study that should be noted. We cannot exclude the possibility for misclassification of DCIS diagnosis. While the degree of misclassification is unknown, it is likely small, as the SEER registries are recognized nationally as a definitive source of U.S. cancer data. Additionally, not all DCIS cases reported to SEER contain information on tumor size and histological type or treatment, factors that could affect survival but were not included in this analysis. A strength of this study is the large sample size which permitted analysis of age subgroups and thus broadened our understanding of competing risks of mortality in the DCIS population throughout the lifespan.
In summary, women with DCIS are more likely to die from all-causes and CVD compared to breast cancer. Additionally, racial disparities in mortality risks among DCIS patients were apparent. Black women have greater risks of all-cause, breast cancer, and CVD mortality compared to white women, with these differences persisting into the current treatment era. These results provide important information to patients and health care providers regarding the competing risk for CVD mortality among women with DCIS. This is especially important for black women who traditionally have had a higher risk factor burden, though further research is required to delineate the etiology of these racial differences.
